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(71) We, INTERNATIONAL BUSI- 
NESS MACHINES CORPORATION, a 
Corporation organized and existing under the 
laws of the State of New York in the United 
States of America, of Armonk, New York 
10504, United States of America, do hereby 
declare the invention, for which we pray that 
a patent may be granted to us, and the 
method by which it is to be performed, to be 
particularly described in and by the follow- 
ing statement : — 

This invention relates generally to electro- 
optic devices employing liquid crystals and 
more particularly to alpha-numeric display 
devices using homeotropically aligned positive 
nematic liquid crystal material. 

The nematic materials are organic com- 
pounds whose molecules have an elongated 
rod like structure. The compounds generally 
contain polar groups and the resulting dipole 
moment is at some angle with the long axis 
of the molecule. Depending on the position 
of these polar groups in the molecule and 
their respective strength, the angle between 
the molecular dipole moment and the long 
axis can be less than 45°. Such compounds 
are herein defined as positive nematic when 
the component of the dipole moment along 
the long axis is larger than the component 
perpendicular to the molecular axis. There 
also exists a class of nematics having a large 
angle between the dipole moment and the 
molecular axis. These compounds are called 
negative nematic because the component of 
the dipole moment along the molecular axis 
is smaller than the perpendicular component. 
All nematics, whether positive or negative are 
birefringent of uniaxial symmetry. The optical 
axis is always in the direction of the long axis 
of the molecule. 

Liquid crystal materials at certain tem- 
perature ranges, including those around room 
temperature, exist in an intermediate state 
between highly ordered crystalline state and 
the. randomly ordered liquid state. In nematic 
liquid crystals, molecules in a given area or 
domain tend to be aligned with their long 
axis parallel. When such materials are placed 
between electrodes and an electric field is 



applied, the molecules tend to rotate and 50 
realign themselves parallel to one another in 
a direction determined by the dipole moment 
of the molecule. Thus when an electric field 
is applied and the molecules rotate, the direc- 
tion of the optical axis will change. Hereto- 55 
fore, commercial field effect devices contain 
liquid crystal material in parallel alignment. 
In such cells a preferred direction is 
established by rubbing or other means and 
the cell is arranged such that the preferred . 60 
direction of the lower surface is perpendicular 
to the preferred direction of the upper sur- 
face. Thus the orientation is twisted over 90° 
through the cell thickness. When viewed in 
the quiescent state between crossed polarizers, 65 
the cells are bright. When an electric field 
is applied the molecules rotate and the optical 
axis is substantially parallel to the field and 
the viewing direction and, therefore, the cell 
is dark. It has been found that it is difficult 70 
to achieve and maintain under prolonged use 
a uniform parallel alignment over the whole 
area of the display. Consequently, such cells 
even when new do not exhibit uniform bright- 
ness over the entire area and soon fail to 75 
operate. 

Most nematic materials tend to align 
randomly at the substrate surface. However, 
additives are known which have been used 
with negative nematic material and which 80 
cause the molecules to be aligned perpen- 
dicular to the, substrate surface in the 
quiescent state. Such alignment is termed 
homeotropic. Such additives, while heretofore 
used only with negative nematics, have been 85 
found to be equally useful in causing homeo- 
tropic alignment for positive nematics. Start- 
ing with homeotropically aligned material, 
the direction of the electric field is usually 
parallel to the viewing direction if negative 90 
nematic material is used and conversely the 
electric field must be perpendicular to the 
viewing direction if positive nematic material 
is used. However, negative material when 
subjected to an electric field exhibits tur- 95 
bulent liquid flow. The phenomenon is well 
known and termed "Dynamic Scattering". The 
turbulence partially depolarizes light incident 
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on the material and such cells show very poor 
contrast between the "off" and the "on" state. 
As is described in U.S. Patent 3,687,515, a 
display can be constructed using negative 
5 nematic material with the field direction 
oriented perpendicular to the viewing direction 
with dynamic scattering being relied upon 
to produce partial depolarization in the "on" 
state. Again, the contrast is poor. Positive 
10 material cannot show dynamic scattering. 

According to the invention there is pro- 
vided a liquid crystal device comprising: two 
spaced apart parallel transparent members, at 
least one pair of electrodes formed on the 
1 5 facing surface of one of said members, a posi- 
tive nematic liquid crystal material (as herein 
defined) filling the space between said mem- 
bers, said material being homeotropically 
aligned with respect to the facing surfaces of 
20 said members in the absence of an electric 
field, means to apply an electric field across 
said liquid crystal material between the elec- 
trode pair to create an electric field parallel 
to the surface of said members, and two 
25 crossed polarizers located on an optical path 
perpendicular to the facing surfaces of said 
members and on opposite sides of the structure 
formed by said transparent members and said 
liquid crystal material. 
30 In a display embodying the invention the 
quiescent state (the "off" state) is viewed in 
the direction of the optical axis of the material 
(i.e. along the optical path) and therefore the 
cell will be uniformly dark between crossed 
35 polarizers. The electric field is applied such 
that the molecular orientation is changed 
by almost 90°. The film is now birefringent 
and thus appears bright between crossed 
polarizers if it is of the correct thickness, i.e. 
40 does not act as a full wave plate. 

The invention will be further explained, 
by way of example, with reference to the 
accompanying drawings, in which : 

Figs. 1A and B are highly schematic draw- 
45 ings, partially in section, illustrating the struc- 
ture and operation of an embodiment of the 
device of the invention. 

Fig. 2 is an exploded view of a numeric 
• display cell having a structure in accordance 
50 with the invention. 

Figs. 3 A and B are schematic isometric 
views of an electro-optic device embodying 
the present invention. 

Turning now to Fig. 1A, a liquid crystal 
55 cell 11 is formed having transparent substrates 
15 and 17 of a material such as glass, plastics, 
or other inert material having good light 
transmissive characteristics. The substrates 
have plain opposed parallel faces and on the 
60 inner face of substrate 17 are formed elec- 
trically conductive electrodes 19 and 21 of the 
order of 1,000 to 3,000 A in thickness. Ex- 
amples of materials which can be employed ' 
for making such electrodes include ln 2 0 3 , tin 
65 oxide, and chromium. Sandwiched between 



substrates 15 and 17 is a layer 13 of liquid 
crystal material whose molecules 27, as shown 
schematically, have their long axes in a direc- 
tion perpendicular to the planes of the sub- 
strates. The spacing between substrates 17 70 
and 15 is determined by any suitable means 
such as raised portions at the edges of the 
substrates themselves or shims or gaskets 12 
of any suitable inert material such as glass or 
plastics. The preferred spacing is maintained 75 
from about 0.5 to 1 mil and the gaps between 
electrodes 19 and 21 range from about 1 to 
20 mils. Electrodes 19 and 21 are connected 
to electrical leads 24 and 25 respectively, with 
electrode 19 connected to a voltage source 80 
26 through switch 28. 

In the quiescent state when viewed through 
crossed polarizers (not shown) in the direc- 
tion of the optic axis, a diffused light source 
(not shown) behind substrate 17 does not 85 
pass light through liquid crystal layer 13 
and the field appears uniformly black. When 
switch 28 is closed an electrical field is applied 
between electrodes 19 and 21 in a direction 
parallel to the planar surface of substrate 17. 90 
The molecules 27A of liquid crystal material 
layer 13 are caused to rotate or twist to orient 
themselves such that the long axis of the 
molecules are parallel to each other between 
the electrodes and parallel to the surface of 95 
substrate 17. This causes a change in the 
opdcal properties so that in the viewing direc- 
tion the liquid crystal material is now optic- 
ally anisotropic (birefringent) and appears 
bright between the crossed polarizers. Outside 100 
of the area defined by the electrodes, the 
crystal alignment is unaltered and the field 
remains black. The alignment is a cooperative 
effect and thus it has a voltage threshold 
rather than a field threshold. ~ 105 

Examples of suitable positive liquid crystal 
materials for layer 13 are represented by the 
following formulas: 



A. ) r-o -Q- CH-N-^y C-N 

where R=Cn Hzn-n and n=4 to 6 such as l |0 

c 4 h 9 -o-^^ CH-N -^^-C-N 

B. ) r-c-ohQ^ch-n O-c.n 

where R=C n H 2n+1 and n=4 to 6 such as 



C). ^c-o -Q-c-o^r* . 115 

where R' = C n H 2n+1 and n=4 to 6 

where R'^Q, H 2n+1 and n=4 to 7 such as 
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These molecules have dipole moments in 
which the component in the direction of the 
5 long axis of the molecule is greater than the 
component in the direction perpendicular to 
the long axis of the molecule. 

It has been found that homeotropic align- 
ment of positive nematic materials can be 
10 achieved by the incorporation of suitable addi- 
tive materials which are long chain aJkyl 
pyridinium or quaternary ammonium salts. 
Such materials have been described as suit- 
able additives to achieve homeotropic texture 
15 for negative nematic materials. For example, 
compounds described in U.S. Patent 3,656,834 
(U.K. Specification 1,315,578) which are com- 
pounds of the formula RR 3 'N+N- wherein R 
is selected from the group consisting of alkyl 
20 radicals having 10 to 24 carbon atoms, R' is 
selected from the group consisting of methyl 
and ethyl and X~ is selected from the group 
consisting of anions derived from simple acids. 
Typical examples of specific compounds are 
25 hexadecyl pyridinium bromide, dodecyl 
pyridinium bromide hexadecyl trimethyl 
ammonium bromide, etc. The materials are 
employed in amounts in a range of from 
about 0.25 to 2.5 X 10-* mol fraction of liquid 
30 crystal material depending upon the solubility 
characteristics of the particular nematic liquid 
crystal material which is employed. 

It was found that with a test pattern in 
which the electrode separation was about a 
35 5 mil gap and the spacing of the substrates 
was about 0.5 mil, employing the positive 
nematic, material of type C with 7x10-* mol 
fraction' of hexadecyl pyridinium bromide as 
an aligning agent, the cell had a threshold 
40 of about 8 volts and the display was uniformly 
black except where the voltage was applied. 
Lower thresholds have been . obtained with 
mixtures of compounds of the types A and 
B. ! 

45 Fig. 2 is an exploded view of a typical cell 
arranged to produce a numeric display with a 
7 segment electrode pattern of opposed elec- 
trode pairs 31—32, 33—34, 35—36, 37—38, 

cn 39—40, 41—42 and 43—44 formed of In 2 O a 

50 on a glass substrate 45. One electrode of each 
pair is connected to ground 47 and the second 
electrode of each pair is connected to suitable 
control and addressing circuitry schematically 
represented by box 49. Spacer 51 of the 

55 plastic material Teflon (du Pont trademark 
for polytetrafluorethylene) having a thickness 
of about 0.5 mil and glass substrate 53 com- 
plete the assembly and provide the space for 



the inclusion of the liquid crystal material 
which was homeotropically aligned by mix- 60 
ing it with a suitable additive as described 
above. 

Figs. 3 A and B are schematic illustrations 
of the optical system employing a cell 30 of 
the invention such as the one illustrated in 65 
Fig. 2 including crossed polarizers 61 and 
62, a lamp 63 and a diffuser 64 to provide 
diffused backlighting. In the quiescent state, 
light ray 65 is polarized by polarizer 62 and 
passes through cell 30 without change such 70 
that it is stopped by polarizer 61 and the 
cell appears dark. As shown in Fig. 3B upon 
the application of a field, to areas of the cell 
between selected electrode pairs the liquid cry- 
stal material acts on the light beam such that it 75 
is elliptically polarized in the areas of the 
applied field so that light now passes polarizer 
61 and is observed as bright areas in the space 
between the electrode pairs where the voltage 
is applied such that any selected numeral 80 
from 0 to 9 is displayed. 

The cells of the invention have the advan- 
tage of uniform brightness and long life 
because homeotropic alignment of the liquid 
crystals can be readily achieved and main- 85 
tained as opposed to parallel alignment. 
Because the electrodes are formed on a single 
substrate, precise electrode patterns and spac- 
ings are easy to obtain by conventional photo- 
lithographic techniques and this permits the 90 
use of a positive nematic homeotropic aligned 
material in liquid crystal displays. 

WHAT WE CLAIM IS: — 
1. A liquid crystal display device compris- 
ing: 95 

two spaced apart parallel transparent mem- 
bers, 

at least one pair of electrodes formed on 
the facing surface of one of said members, 

a positive nematic liquid crystal material 100 
(as herein defined) filling the space between 
said members^ said material being homeo- 
tropically aligned with respect to the facing 
surfaces of said members in the absence of an 
electric field, j 

means to apply an electric field across said 
liquid crystal material between the electrode 
pair to create an electric field parallel to the 
surface of said members, and 

two crossed polarizers, located on an optical I 10 
path perpendicular to the facing surfaces of 
said members and on opposite sides of the 
structure formed by said transparent members 
and said liquid crystal material. 

2. The device of claim 1 wherein the liquid 1 15 
crystal material is homeotropically aligned by 

the inclusion of an additive material. 

3. The device of claim 2 wherein the addi- 
tive material is selected from the group con- 
sisting of long alkyl chain pyridinium salts 120 
and long alkyl chain quaternary ammonium 
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salts in amounts of from 0.25 to 2.5x10'* 
mol percent of liquid crystal material. 

4. The device of any preceding claim where- 
in said liquid crystal material is selected from 
a compound having the formula: 



where R = C n H 2r n-i and tj=4 to 6 



B.) 



where R=C n H Zn+I and w=4 to 
Q,H 13 



6 such as 



C). 



0 CH J 0 _ 



where R' = C n H 2n+1 and w=4 to 6 
and R"=C n H 2D+1 and n=4 to 7 or 



D.) NC^C-0 -{yl -O^C 4 H 9 

5. The device of any preceding claim where- 
in said members are spaced apart 0.5 to 10 
mils, said electrodes are from 1,000 A to 
3,000 A in thickness and the gap between 
said electrode pairs is 1 to 20 mils, 

6. The device of any preceding claim in- 
cluding a plurality of said pairs of electrodes 
and means to apply an electrical potential to 
selected pairs of said electrodes to produce 
representations of alpha-numeric characters. 

7. A liquid crystal display device substan- 
tially as described with reference to the 
accompanying drawings. 

LAWRENCE PERRY, 
Chartered Patent Agent, 
Agent for the Applicants. 
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